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Abstract7KH PDUNHW RI IODW SDQHO GLVSOD\V LV H[SHULHQFLQJ
UDSLG JURZWK ZLWK WKH DGYDQFHPHQW RI GLJLWDO WHFKQRORJLHV LQ
EURDGFDVWLQJVHUYLFH7KHQH[WFKDOOHQJHRI/&'LV2/('LQ79
PDUNHW 7KH VWXG\ DWWHPSWV WR LQYHVWLJDWH WKH WUHQGV LQ
DGYDQFHG RU HPHUJLQJ WHFKQRORJLHV E\ GHWHUPLQLQJ WKHLU
WHFKQRORJ\ GLIIXVLRQ UDWHV GXH WR WKH ODFN RI H[SHULHQWLDO GDWD
:LWK WKH GHYHORSPHQW RI LQIRUPDWLRQ DQG FRPPXQLFDWLRQ
WHFKQRORJ\ RQH RI WKH UHFHQW PHWKRGV WR DVVLVW LQ WHFKQRORJ\
IRUHFDVWLQJ LV GDWD PLQLQJ LQELEOLRPHWULF RU WH[WXDO GDWD IURP
YDULRXVVRXUFHVVXFKDVSDWHQWVMRXUQDOVDQGUHVHDUFKDZDUGV
7KH LQIRUPDWLRQ H[WUDFWHG IURP GLYHUVH VRXUFHV FDQ EH
HPSOR\HG LQ WHFKQRORJ\ GLIIXVLRQ PRGHOV VXFK DV )LVKHU3U\







+LVWRULFDOO\ WKH IHDVLELOLW\ RI D IODW GLVSOD\ KDV EHHQ
VXFFHVVIXOO\ GHPRQVWUDWHG ZLWK WKH $LNHQ WXEH DQG VLQFH
ZLWKWKHGHYHORSPHQWRIHOHFWUROXPLQHVFHQWSDQHOV>@
,Q WKH ODWHVW \HDUV 2UJDQLF /LJKW(PLWWLQJ 'LRGH 2/('
WHFKQRORJ\ KDV WDNLQJ RII VXEVWDQWLDOO\ DQG VXFFHVVIXOO\
SHQHWUDWHG LQWR 79 PDUNHW FRPSDUHG ZLWK SUHYLRXV \HDUV




VFUHHQ VL]HV DUH ZHOO XQGHUZD\ 2YHU WKH ODVW  \HDUV
GHPDQG IRU ELJJHU VFUHHQ VL]HV LQ WKH KRXVHKROG DV ZHOO DV
FRPPHUFLDO PDUNHW IXHOOHG WKURXJK VXFK UROO RXWV DV +LJK
'HILQLWLRQ +' 'LJLWDO 79 VHUYLFHV KDV OHG WR WKH
GHYHORSPHQWRIQHZGLVSOD\WHFKQRORJLHVVXFKDV/&'/('






7KH IRUHFDVW RI WKH QH[W JHQHUDWLRQ WHFKQRORJ\ SOD\V D
VLJQLILFDQWUROHLQUHVHDUFKDQGGHYHORSPHQW5	'SODQQLQJ
WRFRPSHWHFRQWLQXRXVO\LQ WKHVDWXUDWHG79PDUNHW7KDW LV
EHFDXVH 79 LQGXVWU\ LV FDSLWDO LQWHQVLYH DQG WKH VSHHG RI
WHFKQRORJLFDO FKDQJH IRU QH[W VXEVWLWXWLRQV KDV EHHQ
LQFUHDVLQJ 7KH WHFKQRORJ\ IRUHFDVWLQJ PHWKRG XVHG LQ WKLV
VWXG\ RIIHUV D IDLUO\ DQG UHODWLYHO\ DFFXUDWH IRUHFDVW IRU WKH
PHDVXUHPHQW RI 2/(' 79 DGRSWLRQ LQ WKH PDUNHW 7KH
FRQFOXVLRQGUDZQ IURP WKLV VWXG\KHOSVFRPSDQLHV LQYROYHG
LQ 2/(' WHFKQRORJLHV WR FRPSHWH VWUDWHJLFDOO\ DQG
HQFRXUDJH WKHDGRSWLRQRIHQHUJ\VDYLQJ WHFKQRORJLHV LQ WKH
PDUNHWE\ IRUHFDVWLQJ WKH WHFKQRORJLFDO WUHQGVRI WKH2/('
79$QRWKHUHYLGHQFHUHJDUGWRWKHLQFUHDVLQJLPSRUWDQFHRI
2/(' WHFKQRORJLHV LQFOXGHV WKH GLIIHUHQW 7HFKQRORJ\
5RDGPDS SURJUDPV GHYHORSHG E\ '2( DQG WKH UHFHQW
LQFUHDVH LQFRRSHUDWLYHGHYHORSPHQWE\XQLYHUVLWLHV LQDUHDV
VXFK DV PDWHULDOV DQG PDQXIDFWXULQJ HTXLSPHQW >@ 7KH
VWXG\VHOHFWV/&' WHFKQRORJLHVDQGEXLOG IRUHFDVWLQJPRGHO
WR UHSUHVHQW WKHLU PDUNHW GLIIXVLRQ RU JURZWK FXUYHV XVLQJ
H[LVWLQJ ELEOLRPHWULFV 7KH VWXG\ XVHV PXOWLSOH W\SHV RI
ELEOLRPHWULFV VXFK DV MRXUQDOV FRQIHUHQFH SURFHHGLQJV DQG
SDWHQWVIRUWKHSXUSRVHRIIRUHFDVWLQJ2/('79WHFKQRORJLHV
LQ WKH XQLYHUVLW\ DFFHVVLEOH GDWDEDVHV ,W LV FUXFLDO WKDW WKH
PHWKRG XVHG WR IRUHFDVW 2/(' 79 WHFKQRORJ\ UHSUHVHQWV







V (ULFK -DQWVFK DQG 5REHUW $\UHV GLVFXVV WKDW WKH
FRPSDQ\ EHJDQ WR SXW VRPH HIIRUWV LQ WKH LQWHJUDWLRQ RI
WHFKQRORJLFDO IRUHFDVWLQJ ZLWK ORQJUDQJH SODQQLQJ >@>@
$V LQIRUPDWLRQ WHFKQRORJ\ ,7 KDV JDLQHG PRUH DWWHQWLRQ
RYHU VHYHUDO GHFDGHV GDWD PLQLQJ EHFRPH D SUDFWLFDO
WHFKQLTXH WR LGHQWLI\ HDUO\ VLJQV RI WHFKQRORJLFDO FKDQJH
>@>@>@ &KR DQG 'DLP >@ LOOXVWUDWH LWV RULJLQ
FKDUDFWHULVWLFVDQGH[WHQVLRQVZLWKRWKHU7)PHWKRGVLQGHWDLO
>@ 7KURXJK OLWHUDWXUH UHYLHZ LQ &RPSHQGH[ DQG :HE RI
6FLHQFH WKLV SDSHU LQYHVWLJDWH WKH ILUVW DWWHPSW WR IRUHFDVW
WHFKQRORJLFDO FKDQJH RI WHOHYLVLRQ ZKLFK ZDV PDGH E\
6LGQH\ )HLQOHLE LQ  HPSOR\LQJ PRUSKRORJLFDO IRUHFDVW
DQG WUHQG DQDO\VLV >@ 5D\PRQG :LOPRWWH >@ DV D
FRQVXOWDQW DOVR GLVFXVV YDULRXV WHFKQRORJLFDO FKDQJH
EURDGFDVWLQJVHUYLFHDQGVWDQGDUGVDVVRFLDWHGZLWK79EDVHG
RQ WKH UHSRUW RI WHFKQRORJLFDO ERXQGDULHV RI WHOHYLVLRQ
IXQGHG E\ )HGHUDO  &RPPXQLFDWLRQV  &RPPLVVLRQ LQ ODWH
 7KHUHDIWHU RYHU WKH ODVW VHYHUDO GHFDGHV VXUSULVLQJO\
OLWWOH HIIRUWV KDV EHHQ PDGH RQ WKH IRUHFDVW RI 79
WHFKQRORJLHV LQ OLWHUDWXUH HYHQ WKRXJK 79 LQ WKH FRQVXPHU
DUHDLVQRWRQO\RQHRIWKHEHVWVHOOLQJSURGXFWVLQWKHZRUOG
ZLWKODUJHQXPEHURIDQQXDOVKLSPHQWVEXWDOVRDFFRXQWVIRU
D VLJQLILFDQW UHVLGHQWLDO HOHFWULFLW\ FRQVXPSWLRQ 7KLV LV QRW
VLPSO\ EHFDXVH 79 LV RXW RI ODFN RI LQWHUHVW EXW SDUWO\
EHFDXVH79WHFKQRORJLHVKDYHEHHQWUDQVIHUUHGIURP:HVWHUQ
FRXQWULHV WR $VLDQ FRXQWULHV DQG FXUUHQWO\ $VLDQ FRXQWULHV
VXFK DV -DSDQ 6RXWK .RUHD &KLQD DQG 7DLZDQ SURGXFH
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LQYHVWLJDWH WKH G\QDPLF FRPSHWLWLYH UHODWLRQVKLS EHWZHHQ
3'3 79V DQG /&' 79V E\ PHDQV RI WKHLU TXDUWHUO\
VKLSPHQWV HPSOR\LQJ WKH /RWND±9ROWHUUD PRGHO ZKLFK FDQ
LQFRUSRUDWH WKH FRPSHWLWLYH UHODWLRQVKLS EHWZHHQ WKH /&'
79DVWKHSUH\SRVLWLYHLPSDFWRQWKHJURZWKRI3'379V
DQG WKH 3'3 79 DV WKH SUHGDWRU QHJDWLYH HIIHFW WRZDUGV
/&' 79V 7KH\ GLVFXVV WKH SRVVLELOLW\ IRU GURSSLQJ WKH
SULFHRI/&'79VLVDQDGYDQWDJHRIWKHDWWUDFWLYHQHVVRIWKH
SURGXFWZKLFKFDQEHQRWHG LQKLJKHUJURZWK UDWH WKDQ3'3
79V 7VHQJ HW DO >@ FRPELQH GLIIHUHQW WHFKQRORJ\
IRUHFDVWLQJWHFKQLTXHVWRLPSURYHWKHDFFXUDF\RIWKHIRUHFDVW
7KLVVWXG\XVHWKHVFHQDULRDQDO\VLVZLWKWKH'HOSKLPHWKRG
DQG WKH WHFKQRORJLFDO VXEVWLWXWLRQ PRGHO WR DQDO\]H WKH
GHYHORSPHQWRIWKHRUJDQLFOLJKWHPLWWLQJGLRGH2/('79
IURP WKUHHSHUVSHFWLYHV FRQVXPHU GHPDQG DQGSUHIHUHQFH
7VDL >@ IRUHFDVWV TXDUWHUO\ /&' 79 VKLSPHQWV IURP WKH
ILUVW TXDUWHU WR WKH IRXUWK TXDUWHU LQ  XVLQJ H[WHQGHG
*RPSHUW]PRGHOVZLWK WKHDEVROXWHSULFHFKDQJHYDOXH7KH
UHVXOW VKRZ WKDW PDUNHW SHQHWUDWLRQ UDWH LV KLJK IRU WKH
VPDOOHUVL]HG/&'79VZKLOHWKHPDUNHWSHQHWUDWLRQUDWHVLV
ORZIRUODUJHUVL]HG/&'79SDQHOV3DUNHWDO>@DQDO\]H
WKH LPSDFW RI WKH UHFHQW 79 PDUNHW WUDQVLWLRQ IURP FROG
FDWKRGHIOXRUHVFHQWODPSV&&)//&'WR/('/&'LQWKH
/&' WHFKQRORJ\ DQG HVWLPDWH JOREDO HOHFWULFLW\ VDYLQJV
SRWHQWLDOLQVHOHFWHGVFHQDULRVZLWKWKHSHUVSHFWLYHRIPDUNHW
WUDQVIRUPDWLRQ 'HVURFKHV DQG*DQHVKDOLQJDP >@ PHDVXUH







WUDQVPLWV LPDJHV RI REMHFWV VWDWLRQDU\ RU PRYLQJ EHWZHHQ
GLVWDQW SRLQWV E\ :HEVWHU GLFWLRQDU\ ZKLFK PHDQV DQ\
GHYLFHVXFKDVPRELOHSKRQH ODSWRSFRPSXWHUDQG WDEOHWSF
FDQ EH GHILQHG DV WHOHYLVLRQ *LYHQ WKH UDSLGO\ FKDQJLQJ
PDUNHW IRU 79V WKH VWXG\ GLVFXVVHV KLVWRULFDO 79 PDUNHW
WUHQG LQYHVWLJDWHV WKHVXSSO\FKDLQRIPDQXIDFWXUH LQ6RXWK
.RUHD DQG LOOXVWUDWHV WKH PDMRU WUHQGV LQ 79 WHFKQRORJ\
RSWLRQV LQ WKH QHDU IXWXUH ZLWK WKH SHUVSHFWLYH RI PDUNHW
WUDQVIRUPDWLRQ ,Q KLVWRU\ WKHUH ZDV D ELJ WUDQVLWLRQ IURP
&57 79 WR IODW SDQHO GLVSOD\ )'3 LQ DURXQG &57V
KDVEHHQJHWWLQJVPDOOHUDVWKH\KDYHEHHQGLVSODFHGE\)'3V
LQWKHODUJHUVFUHHQFDWHJRULHVDQGWKHVPDOOVFUHHQFDWHJRULHV
DV ZHOO 5HDU 3URMHFWLRQ WHFKQRORJ\ KDV EHHQ FRPPHUFLDOO\
DYDLODEOH VLQFH WKH V EXW LW KDV D UHODWLYHO\ ORZ
SHQHWUDWLRQ LQ WKH PDUNHW 'XH WR /&' DQG 2/('
WHFKQRORJLHV LW LV QRW SURMHFWHG WR LPSURYH XSRQ WKLV
VLJQLILFDQWO\LQWKHIXWXUHLQUHJDUGWRWKHZRUOGZLGHPDUNHW
/&'V KDYHZLGHO\ EHHQXVHG LQYDULRXV HOHFWURQLFV VXFK DV
PRELOHSKRQHVODSWRSFRPSXWHUV3HUVRQDO'LJLWDO$VVLVWDQFH
3'$V DQG FRPSXWHU PRQLWRUV ZKLFK DUH WKH VLJQLILFDQW
GULYLQJIRUFHVEHKLQGWKHUHPDUNDEOHJURZWKRIOLTXLGFU\VWDO
GLVSOD\V ,Q UHFHQW \HDUV /('/&' KDV EHHQ HPHUJHG DV D
GRPLQDQW GHVLJQ LQ WKH 79 PDUNHW )OH[LEOH 2/(' 79 KDV
MXVWHPHUJHGDVQH[WJHQHUDWLRQRILW




FDSDELOLW\ DUH OLNHO\ WR LQFUHDVH WKH HQHUJ\ FRQVXPSWLRQ RI
79V .RUHDQ -DSDQHVH DQG 7DLZDQ PDQXIDFWXUHUV DUH
FRQWLQXLQJ WR OHDG WKH 79 PDUNHW ZLWK LQWHQVH FRPSHWLWLRQ
,OOXVWUDWHGLQ)LJXUHLVWKHRYHUYLHZRIKLVWRULFDO79PDUNHW



















E\ ODSWRS FRPSXWHUPRELOHSKRQH DQG/&'PRQLWRU/&'
KDVVXFFHVVIXOO\ WDNHQXS WKH ODUJHVFUHHQ79FDWHJRU\ZLWK
WKHDLGRIWKHUDSLGWHFKQRORJ\GHYHORSPHQWSURGXFLQJKLJK
UHVROXWLRQ LPDJHV2Q WKHRWKHUKDQG VLQFH WKH LQWURGXFWLRQ
RI 3'3 79 LQ  PDQ\ .RUHDQ DQG -DSDQHVH FRPSDQLHV
VXFK DV 6DPVXQJ /* 3DQDVRQLF DQG 7RVKLED EHJDQ WR
SURGXFH 3'3V 7KH\ KRZHYHU UHFHQWO\ KDYH FHDVHG
SURGXFLQJ3'3SDQHOV DOWRJHWKHU LQRUGHU WR LQYHVW LQ/('
/&'V DQG2/('V)LQDOO\3'3ZRXOG EH H[SHFWHG WR ORVH
LWV PDUNHW SRVLWLRQ LQ ODUJHVL]H 79 LQ VRRQHU RU ODWHU 6HH
7DEOH
$IWHU WKH LQWURGXFWLRQ RI ILUVW FRORU 2/(' GLVSOD\ E\
.RGDN LQ  VLQFH  VHYHUDO .RUHDQ DQG -DSDQHVH
FRPSDQLHVVXFKDV6RQ\/*DQG6DPVXQJKDYHPDGHODUJH
FRPPLWPHQWV WR GHYHORSLQJ 2/(' GLVSOD\V KDYLQJ
XSJUDGLQJWKHLU5	'OLQHVWRFRPPHUFLDOL]H2/('VLQODUJH
VL]H 79 FDWHJRU\ )RU  WKH  ODUJH  VL]HG  2/('  79  DQG
OLJKWLQJ DSSOLFDWLRQ  ZKLWH  RUJDQLF  OLJKWHPLWWLQJ  GLRGH
:2/('  WHFKQRORJ\ KDV EHHQGHYHORSHGDQGFRQVWDQWO\
















/&' RIIHULQJ WKH LPSURYHPHQW LQ HQHUJ\ HIILFLHQF\ VFUHHQ




/('/&' 79V  a LQ  *OREDO VKLSPHQWV RI UHDU
SURMHFWLRQ 79V ZHUH  PLOOLRQ XQLWV LQ  DQG ZHUH
H[SHFWHG WR GHFUHDVH DQG 2UJDQLF /LJKW (PLWWLQJ 'LRGH























$V WR WKH SULFH )LJXUH  LQGLFDWHV WKDW SULFH ZLOO HQVXUH
WKDW/&'79VDSSHDUFRPSHOOLQJHQRXJKWRFDQQLEDOL]H3'3







LPSDFW RQ WKH HQHUJ\ FRQVXPSWLRQ 3UHVHQWHG LQ 7DEOH  LV
WKHSRZHUFRQVXPSWLRQRI79VE\VFUHHQVL]HDQGWHFKQRORJ\
W\SHEDVHGRQWKHDVVXPSWLRQRIWKHVDPHSHUN:KFRVWDQG
XVDJH DV WKH (QHUJ\ *XLGH ODEHOV /('/&' 79 LV HQHUJ\
HIILFLHQW ZLWK IDVW UHVSRQVH UDWH KLJK UHVROXWLRQ DQG WKH
EULJKWHVW79LQWKHPDUNHW,QUHJDUGWRSRZHUFRQVXPSWLRQ









ZLWK LQFUHDVHG VFUHHQ VL]H VRPH RI NH\ IHDWXUHV KDYH EHHQ
KLJKOLJKWHG LQ HQHUJ\ HIILFLHQW 79 PDUNHW VHJPHQW (QHUJ\
HIILFLHQW79VKDYHEHHQGHYHORSHGWRHQFRXUDJHWKHDGRSWLRQ
RI PRUH HQHUJ\ HIILFLHQW 79V LQ WKH PDUNHW ZKLFK KDYH
SRZHUVDYLQJPRGHVXFKDVD WULRRIVHQVRUV WRRSWLPL]H WKH
LQWHQVLW\ RI WKH /&'
V EDFNOLJKW E\ GHWHFWLQJ WKH UHODWLYH
GDUNQHVVDQGEULJKWQHVVRIWKHURRPDQGDGMXVWLQJKRZPXFK
OLJKW LW XVHV WR LOOXPLQDWH WKH SLFWXUH ,Q  3KLOLSV
ODXQFKHG(FR79LQFKPRGHOIRUSHRSOHZKRVHHN79IRU








$ QXPEHU RI JURZWK FXUYHV KDYH EHHQ GHYHORSHG DQG
FRQWLQXRXVO\ JDLQHG SRSXODULW\ WR SUHGLFW WHFKQRORJLFDO
DGYDQFH GXH WR UHODWLYH VLPSOLFLW\ ORQJ KLVWRU\ RI XVH LQ
YDULRXV ILHOGV DQG WKH PRGDOLW\ RI WKH DVVXPSWLRQ WKDW
KLVWRULFDO GDWD FDQ EH D JRRG JXLGDQFH WR WHFKQRORJ\
WUDMHFWRU\ >@ /RJLVWLF DQG *RPSHUW] FXUYHV DPRQJ WKHP
DUH PRVW FRPPRQO\ XVHG PHWKRGV ZLWK WKH ORQJ KLVWRU\ RI
WKHLU LQFHSWLRQ LQ GHPRJUDSK\ ILHOG DQG ODWHU DSSOLHG WR
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RI LQFUHDVH RI D SRSXODWLRQ EDVHG RQ D ORJLVWLF FXUYH LQ
HFRORJ\ >@ 9ROWHUUD LQGHSHQGHQWO\ GHYHORSHG WKH VDPH
PDWKHPDWLFV RI SRSXODWLRQ JURZWK >@ 7KHUHDIWHU /RWND
9ROWHUUDPRGHOKDVEHHQXVHGWRPRGHOSRSXODWLRQG\QDPLFV
DQG HFRORJLFDO FRPSHWLWLYH GLIIXVLRQ DQG ODWHU H[WHQGHG WR
LOOXVWUDWH WHFKQRORJLFDO FKDQJH LQ D FRPSHWLWLYH PDUNHW
>@>@ 6LQFH V )RXUW DQG :RRGORFN VXJJHVW
PDWKHPDWLFDOPRGHORISHQHWUDWLRQ>@5RJHUVDVDVHPLQDO
ZRUN SURYLGHV D ZHDOWK RI NQRZOHGJH RQ WKH GLIIXVLRQ RI
LQQRYDWLRQVLQDYDULHW\RIGLVFLSOLQHV>@6LQFH0DQVILHOG
DV D SLRQHHU SURSRVHG WHFKQRORJ\ GLIIXVLRQ PRGHO
LQFRUSRUDWLQJWKHUDWHRILPLWDWLRQDQGWHFKQRORJ\DGRSWLRQD
YDULHW\ RI JURZWK FXUYHV VXFK DV WKH 0DQVILHOG%ODFNPDQ
PRGHOWKH)LVKHU3U\PRGHOWKH([WHQGHG5LFFDWLPRGHOWKH
%DVV PRGHO DQG HWF KDYH EHHQ GHYHORSHG WR IRUHFDVW 6
VKDSHG SDWWHUQ RI WHFKQRORJLFDO DGYDQFH >@ 6HOHFWLQJ DQ
DSSURSULDWH HTXDWLRQ RI JURZWK FXUYH GHSHQGV RQ GDWD DQG
WHFKQRORJ\FKDUDFWHULVWLFVDQGLVVRPHZKDWDUELWUDU\7KDWLV
WKH UHDVRQ ZK\ PRVW IRUHFDVWHUV H[SHULPHQW YDULRXV JURZWK
FXUYHV WR ILQG WKH PRVW UHOHYDQW FXUYH ILWWLQJ WR SUHGLFW WKH
WHFKQRORJLFDOFKDQJH>@
7KH %DVV PRGHO >@ KDV EHHQ DSSOLHG WR LQYHVWLJDWH
SURGXFW GLIIXVLRQ DQG GHPDQG IRUHFDVWLQJ LQ WKH PDUNHWLQJ




GLIIXVLRQ RI QHZ SURGXFW 7KH 0DQVILHOG DQG %DVV PRGHOV
PRUHIRFXVRQWKHFXVWRPHU
VDGRSWLRQEHKDYLRUEDVHGRQWKH
PDUNHW GDWD DQG LPLWDWLRQ SURFHVV LQ D VRFLDO V\VWHP 7KH\
KRZHYHUGRQRWWDNHLQWRDFFRXQWVXEVWLWXWLRQHIIHFWV/DWHU




VXEVWLWXWLRQ RI RQH WHFKQRORJ\ IRU DQRWKHU RU WKH UDWH RI
SHQHWUDWLRQ RI VRPH WHFKQRORJ\ LQWR D PDUNHW >@>@
*URZWK FXUYHV SUHVXPH D WHFKQRORJ\ ZLOO ILQDOO\ UHDFK LWV
XSSHU OLPLW DW D FHUWDLQ WLPH ,W UHIOHFWV WKDW JURZWK LV VORZ
LQLWLDOO\XQWLOGLIILFXOWLHVDUHRYHUFRPH WKHQJURZWK LVPRUH
UDSLG XQWLO WKH OLPLW LV DSSURDFKHG ZLWK JURZWK VORZ GRZQ
DJDLQ7KHUHIRUHLWLVFULWLFDOWRHVWLPDWHWKHXSSHUOLPLWXVLQJ
KLVWRULFDODQDORJLHV$WWKLVMXQFWXUHWKHSUHYLRXVH[SHULHQFH
ZLWK UHVSHFW WR D VLPLODU WHFKQRORJ\ LV D NH\ HOHPHQW WR
IRUHFDVW WHFKQRORJLHV PRUH DFFXUDWHO\ >@  ,Q WKLV UHJDUG
WKH VWXG\ XVHV )LVKHU3U\
V VXEVWLWXWLRQ PRGHO RI
WHFKQRORJLFDO FKDQJH LQ WKDW LW LV PRUH DSSURSULDWH WR
LQYHVWLJDWH WKH VLPLODULWLHV DQG GLIIHUHQFHV LQ WKH UDWH RI




7\SHV (TXDWLRQV ,QFHSWLRQ 5HIHUHQFH
/RJLVWLFRU3HDUO  ൌ 	?൅ ିୠ୲  >@>@
/RWND9ROWHUUD
ௗௌ௧ ൌ ሺܽ௠ െ ܾ௠ܯ ൅ ܿ௠௡ܰሻܯ݀ܰ݀ݐ ൌ ሺܽ௡ െ ܾ௡ܰ ൅ ܿ௡௠ܯሻܰ  >@>@>@
*RPSHUW]  ൌ ିୠି୩୲  >@
0DQVILHOG%ODFNPDQ  ൬ ୲ െ ୲൰ ൌ Ⱦ଴ ൅ Ⱦ଴  >@>@
%$66 ୲ ൌ ൣ	? െ ି ሺ୮ା୯ሻ୲൧ቂ	? ൅ ሺሻିሺ୮ା୯ሻ୲ቃ  >@
)LVKHU3U\ ୲	 猍 ?୲ ൌ ଶୟሺ୲ି୲బሻ  >@
([WHQGHG5LFFDWL ୲୲ିଵ ൌ ߚ଴ ൅ ߚଵ ௧ܻିଵ ൅ ߚଶ ൬ 	?୲ିଵ൰ ൅ ߚଷ ሺ୲ିଵሻ  >@
:HLEXOO  ൬ ൤ ܮ െ ୲൨൰ ൌ ߚ଴ ൅ ߚଵݐ  >@
165/  ݕ௧ ൌ ߚ଴ ൅ ߚଵ ሺ୲ିଵሻ ൅ ߚଶ ሺ െ ୲ିଵሻ  >@
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A. Fisher-Pry Diffusion Model 
7KH SLRQHHULQJ ZRUN E\ )LVKHU DQG 3U\ >@ KDV VHW WKH
VWDJH IRU WKH VWXG\ RI IRUHFDVWLQJ WHFKQRORJLHV ZKHUH
³WHFKQRORJLFDO DGYDQFHV FDQ EH FRQVLGHUHG DV FRPSHWLWLYH
VXEVWLWXWLRQ RI RQH PHWKRG RI VDWLVI\LQJ WKH QHHG IRU
DQRWKHU´ )LVKHU±3U\ PRGHO IRUHFDVWLQJ LV VLPLODU WR
ELRORJLFDO V\VWHP JURZWK ,W LV DOVR UHIHUUHG WR DV WKH
³VXEVWLWXWLRQPRGHO´EHFDXVHRILWVDSSOLFDWLRQLQIRUHFDVWLQJ
WKHUDWHRIWKHUHSODFHPHQWWHFKQRORJ\7KLVPRGHOUHSUHVHQWV
VXEVWLWXWLRQ WHFKQRORJLHV ZKHQ VXEVWLWXWLRQ LV GULYHQ E\
VXSHULRU WHFKQRORJ\ DQG QHZ SURGXFW SUHVHQWV VRPH
WHFKQRORJLFDO DGYDQWDJH RYHU WKH ROG RQH ,W DQDO\]HV WKH
SHQHWUDWLRQ SURFHVV RI QHZ WHFKQRORJLHV 7KH )LVKHU 3U\
PRGHO H[SUHVVHV WKH IUDFWLRQDO UDWHRI IUDFWLRQDO VXEVWLWXWLRQ
RIWKHROGWHFKQRORJ\E\WKHQHZLQWHUPVRIZKDWLVOHIWWREH
VXEVWLWXWHG7KH)LVKHU3U\PRGHOZLWKLWVWUDQVIRUPDWLRQWR
OLQHDU IRUP IRU HDVH LQ UHJUHVVLRQ DQDO\VLV  FDQ EH
UHSUHVHQWHGE\WKHHTXDWLRQEHORZ
 ௒௅ି௒ ൌ  	 ?	 ?஺ି஻௧   /1RUPDOL]HG8SSHU*URZWK/LPLW
 W<HDU

8VH RI GDWD PLQLQJ DQG ELEOLRPHWULFV VXFK DV SDWHQWV
MRXUQDO FLWDWLRQV DQG UHVHDUFK DZDUGV KDV EHHQ JDLQLQJ
SRSXODULW\GXH WR WKHDYDLODELOLW\RIGDWD DQG WKHHPHUJHQFH
RI ,QIRUPDWLRQ7HFKQRORJ\ ,OOXVWUDWHG LQ)LJXUH LVRQHRI
WKHSDWWHUQVDQGUHODWLRQVKLSEHWZHHQWKHGLIIHUHQWW\SHVRI6







WKDW 2/(' WHFKQRORJ\ IROORZ )LVKHU3U\ GLIIXVLRQ PRGHO
DQG XVH DQDORJ\ WHFKQLTXH IURP /('/&' WHFKQRORJ\ LQ
H[LVWLQJ79PDUNHW,WVHHPVREYLRXVWRILUVWORRNDWWUHQGVLQ
VLPLODU HOHFWURQLF WHFKQRORJ\ 7KH VWXG\ XVH HVWDEOLVKHG
GDWDEDVHVVXFKDV:HERI6FLHQFH&RPSHQGH[DVGDWDVRXUFH
7KH PRGHO GHWHUPLQH SHUFHQWDJH RI FXPXODWLYH SHQHWUDWLRQ
IRU2/(' WHFKQRORJ\DQG IRU HDFK W\SHRIELEOLRPHWULFVE\
ILWWLQJ )LVKHU3U\ FXUYHV WR H[LVWLQJ GDWD DQG H[WHQGLQJ WR
WRIRUHFDVWSHQHWUDWLRQUDWHV

B. Key words and Sources of Data 
([SHUWV LQ 2/(' 7HFKQRORJ\ SURYLGH WKH NH\ZRUGV WR
VHDUFK LQ WKH GLIIHUHQW GDWDEDVH VRXUFHV  6XPPDUL]HG LQ









'DWD PLQLQJ IRU LVVXHG SDWHQWV JOREDOO\ ZDV SHUIRUPHG
XVLQJ 3DWHQWVFRSH LQ :RUOG ,QWHOOHFWXDO 3URSHUW\
2UJDQL]DWLRQ:,32ZKLFKLQFOXGHVWKHIROORZLQJQDWLRQDO
DQG LQWHUQDWLRQDO SDWHQW GDWDEDVHV8QLWHG6WDWHV 86372
,QWHUQDWLRQDO 3&7 (XURSH (32 -DSDQ -32 .RUHD







A. Basic Research 
%DVHG RQ WKH VHDUFK IURP :HE RI 6FLHQFH GDWDEDVH WKH
FXPXODWLYH QXPEHU RI SXEOLFDWLRQV LQ EDVLF UHVHDUFK DUHD
UHJDUGLQJ2/('WHFKQRORJLHVKDYHEHHQGUDVWLFDOO\JURZLQJ
,Q WRWDO  DUWLFOHV DUH IRXQG IURP GDWDEDVH &RPSRXQG
$YHUDJH *URZWK 5DWH &$*5 DSSHDUV WR EH  VLQFH
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B. Applied Research 
7KH FXPXODWLYH QXPEHU RI SXEOLFDWLRQ VHDUFKHG LQ
&RPSHQGH[GDWDEDVHIRUHDFK\HDU LV VKRZQ LQ)LJXUHIRU











RYHUDOO SDWHQWV SHU \HDU IRU 2/(' WHFKQRORJLHV )RU WKH
)LVKHU3U\WHFKQRORJ\GLIIXVLRQPRGHOWKH/&'WHFKQRORJLHV
SDWHQW FRXQW LV XVHG  ,W LV LQKHUHQWO\ DVVXPHG WKDW /&'
WHFKQRORJLHV ZRXOG EH DQDORJRXV WR WKH FXPXODWLYH 2/('
WHFKQRORJLHV FRXQWV DW PDWXULW\ ,Q WKLV VWXG\ /&' LV
VHOHFWHG EHFDXVH LW LV D VLPLODU WHFKQRORJ\ DQG KDV DOUHDG\
UHDFKHGDOHYHORIPDWXULW\ZKHUHWKHSDWHQWFRXQWSHDNHGLQ
DQGKDVEHHQFXUUHQWO\GHFUHDVLQJ2/('WHFKQRORJLHV








D. Compilation of Growth Curves 
$IWHUWKHDQDO\VLVRIWKHGLIIHUHQWVRXUFHVVHSDUDWHO\ WKLV
VHFWLRQ IRFXVHV LQSXWWLQJ WRJHWKHU DOO WKHJURZWKFXUYHV IRU
2/('WHFKQRORJLHV,OOXVWUDWHGLQ)LJXUHDUHWKHFRPSLOHG
JURZWK FXUYHV IRU 2/(' WHFKQRORJLHV UHVSHFWLYHO\
$FFRUGLQJWRWKHJUDSKEDVLFUHVHDUFKOHDGVDSSOLHGUHVHDUFK
-RXUQDO SXEOLFDWLRQV DQG ERWK DUH FORVH HDFK RWKHU 3DWHQW
ILOLQJV DUH IROORZLQJ XS FORVHO\ 7KH IRUHFDVW XVLQJ )LVKHU
3U\ FXUYH IROORZV DQ H[SHFWHG WUHQG  ZKHUH WKH SURFHVV RI
DSSOLHGUHVHDUFKDQGSDWHQWLVSUHFHGHGE\EDVLFUHVHDUFK,Q
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7KH QDUURZ JDS EHWZHHQ -RXUQDOV DQG 3DWHQWV LQGLFDWHV
QRW RQO\ WKH LQWHQVLYH UHVHDUFK HIIRUWV PDGH E\XQLYHUVLWLHV
EXWDOVRWKHKLJKLQWHUHVWRIWKHLQGXVWU\WRGHYHORSDQGDSSO\
2/(' WHFKQRORJ\ WR D YDULHW\ RI SURGXFWV $ QXPEHU RI
H[SHUWV FRQVLGHU 2/(' WHFKQRORJ\ DV WKH QH[W JHQHUDWLRQ
WHFKQRORJ\ IRU 79  +HQFH WKLV LQWHUHVW IURP FRPSDQLHV WR
GHYHORS DQG H[SORLW LW FRPPHUFLDOO\ KDV EHHQ FRQWLQXRXVO\
JURZLQJ$VIRU2/('WHFKQRORJ\-RXUQDOVDQG3DWHQWVDUH
GHYHORSHG DOPRVW DW WKH VDPH WLPH  \HDUV RI ODJ






)LVKHU3U\ JURZWK FXUYHV IRU -RXUQDO SXEOLFDWLRQV DQG
3DWHQWV IROORZ WKH H[SHFWHG VHTXHQFH 6SHFLDOO\ -RXUQDO
SXEOLFDWLRQV DQG 3DWHQWV JURZWK FXUYHV DUH FORVH IRU 2/('
WHFKQRORJLHV LQGLFDWLQJ VWURQJ LQGXVWU\ DGRSWLRQ ,Q UHFHQW
\HDUVWKHUHLVDGUDVWLFUHGXFWLRQRISDWHQWVUHODWHGZLWK/&'
WHFKQRORJLHV ZKLFK VXJJHVWV QH[W JHQHUDWLRQ 2/('
WHFKQRORJ\ SHQHWUDWH LQWR 79 PDUNHW 6WURQJ LQGXVWU\
DGRSWLRQIRU2/('KDVEHHQIRXQG+LJKOHYHORIPDWXULW\LV
H[SHFWHG E\  )RU 2/(' WHFKQRORJLHV WKDW DUH FORVHO\
WLHG WR LQGXVWULDO DSSOLFDWLRQV VXFK DV HOHFWURQLF GLVSOD\
GHYLFHV LWPD\EHEHWWHU WRXVHPRUH LQGXVWU\RULHQWHGGDWD
PLQLQJVXFKDVSDWHQWVPDUNHWGDWDWUDGHVKRZVQXPEHURI
FRPSDQLHVRUVWDUWXSVHWF)LVKHU3U\PRGHOGRHVQRWDGGUHVV
WKH OHYHO RI VDOHV IRU HDFK WHFKQRORJ\ 7KHUHIRUH WKH
FRPSDULVRQEHWZHHQ%DVVPRGHODQG)LVKHU3U\PRGHOZRXOG
EH XVHIXO WR LQYHVWLJDWH WKH PDUNHW WUHQGV RI 2/(' 79V
IXUWKHU $QRWKHU VWHS IRU IRUHFDVWLQJ FRXOG LQFOXGH XVLQJ
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